Numerous studies suggest that in utero exposures to environmental contaminants are associated with fetal development, congenital anomalies, learning difficulties or other health impacts later in life. Although location and time-activity data have been used to model exposure to specific contaminants in epidemiological studies, little information is available about time-activity patterns of pregnant women. We measured changes in location-based activity patterns over the course of pregnancy (48-h periods, during two or three trimesters) using a self-reported time-activity log among a nonrandom sample of pregnant women (n ¼ 62). We assessed the influence of demographics and personal factors on changes in activity over pregnancy using mixed effects regression models. Increasing weeks of pregnancy was a significant predictor for increased time spent at home (1 h/day increase for each trimester of pregnancy), after adjusting for income (2.6 more h/day at home in lowest income group), work status (3.5 more h/day at home for nonworkers) and other children in the family (1.5 more h/day at home with other children). No other measured activities (time outdoors, time in transit modalities or time in other indoor locations) were related to weeks of pregnancy. As our results indicate that pregnant women tend to spend more time at home during the latter stages of pregnancy, future exposure and epidemiological research should consider the potential increase in home-based exposures (i.e., indoor air pollution or chemicals in the home) late in pregnancy, and increased confidence in exposure proxies based on home locations or characteristics during the same period.
Introduction
Pregnant women are increasingly considered a special population of interest in assessments of environmental contaminants due to evidence that a woman's exposure to contaminants can lead to adverse effects on the fetus (Silbergeld and Patrick, 2005) . For example, there is evidence of links between adverse birth outcomes and exposure to outdoor air pollution (Ritz and Yu, 1999) , indoor air pollution (Rauh et al., 2004) and pesticides (Whyatt et al., 2003) . Exposure to contaminants is often evaluated through the use of location-based activity pattern data to establish when and where people spend their time. Activity data can be combined with measured or estimated microenvironmental contaminant concentrations to assess exposures for use in epidemiological studies or risk assessments. Characterizing the activities of women during pregnancy is an important contribution in understanding the association of environmental exposures and adverse birth outcomes.
Two large-scale activity pattern surveys in the United States (National Human Activity Patterns Survey; NHAPS) and Canada (Canadian Human Activity Patterns Survey; CHAPS) were designed to provide data for use in exposure assessment modeling (Leech et al., 1996 , Klepeis et al., 2001 . Both studies collected highly detailed 24-h timeactivity diaries from participants (selected randomly in targeted cities) using computer-aided telephone interviewing (CATI) techniques. Results of these surveys have been used to estimate percentages of the population that may be highly exposed to specific contaminants. For example, a recent model was developed to predict particulate exposure (PM 2.5 ) for 11 age-gender population subgroups in Toronto (Canada) using CHAPS data (Gower and McColl, 2005) . Similarly, a study in 2005 (Wilkes et al., 2005) used NHAPS data to determine the probability and distributions of exposures in the US population to contaminants that enter the home through the water supply.
Information on the location-based activity and mobility patterns of women during pregnancy is sparse in the literature. CHAPS recorded pregnancy status of subjects, but only 22 of the 2301 respondents to the entire survey were pregnant (Leech et al., 1996) . NHAPS, a much larger survey, did not collect information regarding pregnancy status. Several studies have evaluated physical activities of women during pregnancy, but these were focused on exercise levels during pregnancy (Wilbur et al., 1998; Mottola and Campbell, 2003 ) and on physical weight relative to activity patterns (Devine et al., 2000) rather than the relationship between activities and exposure to contaminants. A recent review discussed the relationship between physical activity and psychological mood among pregnant women (Poudevigne and O'Connor, 2006) . No previous studies have focused simply on changes in specific locations that dominate women's time during pregnancy.
As part of a study measuring personal exposure to trafficrelated outdoor air pollution (Nethery et al., 2007) we collected time-activity data for a nonrandom sample of 62 pregnant women, up to three times during the pregnancy. We aimed to (1) gather descriptive data regarding the activities of a sample of women during pregnancy and to compare these with women in the Canadian population and (2) investigate changes in the activities of a sample of pregnant women over pregnancy.
Methods

Study Design
The study population consisted of 62 pregnant women living in the metropolitan area of Vancouver (Canada) in [2005] [2006] . Women were recruited through word of mouth, at prenatal yoga, fitness or prenatal classes and through posters at community centers. The study protocol and material was approved by the University of British Columbia Behavioral Research Ethics Board (approval no. B05-0441). Subjects were limited to nonsmokers living with nonsmokers and experiencing low-risk pregnancies. The women carried air pollution monitoring equipment during the sampling sessions (Nethery et al., 2007) . They were asked to complete one 48-h sampling session, on weekdays only, per remaining trimester of their pregnancy. We were unable to recruit many women in their first trimester, possibly because many women wait until late in the first trimester to publicly acknowledge their pregnancy, so most were in their second trimester and completed two sessions.
At the first session, we administered a basic questionnaire to document age, work status, education, annual family income, due date, ethnicity and home rentals/ownership. Gestational age (weeks of pregnancy) was calculated from the self-reported due date. During each session, the women recorded their activities at 30 min intervals in a 48-h activity log. After giving birth, each subject was interviewed over the phone or in person. We presented a thank-you gift (baby clothing item) and administered a brief questionnaire on selfreported birth weight/length, pregnancy or birth complications. Because the focus of the study was on exposure measurements, the post-birth survey was used simply for descriptive purposes.
Measurement Data
At the first visit, the technician explained how to complete the time-activity log and provided written instructions. The time-activity log ( Figure 1 ) was a self-administered form (four pages) on which the women circled activities and locations during every 0.5-h period including current location (indoor at home, work, other or outdoor) transit activity (time of transit and method: car, bus and bus type (diesel, electric or ''SkyTrain'' elevated electric rail), walk or other); if ''other'' was indicated, participants always noted bicycling in the notes column and subsequently coded as ''bike'' whether they are currently nearby to cooking, smoking or open windows current level of activity (high, medium or low); low is ''at rest'' (sleeping/rest); high is the highest level of physical activity they do Omitted from the figure is a ''notes'' column where participants could indicate any specific information about their activities during that 0.5-h segment. Participants were asked to indicate no more than two activities or locations during a 0.5-h period. When more than one activity was specified during a 0.5-h period, we assigned both activities to a time of 15 min each. After every 48-h sampling period, we collected the activity log from the participants.
Total time spent in each activity was divided by the total minutes in the activity log to determine the percentage that each activity represented. We attempted to ensure that all sampling sessions were as close as possible to 48 h (2880 min). All percentages were multiplied by 24 h and results are classified in h/day.
Comparison Group
For a comparison population of mostly nonpregnant women (4/99 women pregnant), we obtained data on activity patterns from the CHAPS (Leech et al., 1996) from Health Canada. This survey was conducted in 1994-1995 on 2381 respondents in Toronto, Vancouver, Edmonton and Saint John (NB, Canada). The survey consisted of a 24-h recall diary and computer-aided telephone interview of randomly selected individuals in these four cities.
We limited our comparison with the CHAPS data to women respondents, ages 17-45 years, weekday samples only, in Vancouver because this was the population most similar to our study group in terms of climate, demographics, seasonality and sampling location. Specifically, we excluded the CHAPS survey in Saint John and Edmonton because data were not collected in all four seasons and we excluded Toronto because of differences in within-city seasonality when compared with Vancouver. The CHAPS data had more specific location information than the pregnancy cohort (our study population), so we collapsed the CHAPS locations for comparison purposes. The more detailed CHAPS variables related to locations in the home (e.g., home bedroom and kitchen), outdoors (e.g., park, parking lot and street), transit (bike, car, truck and bus) were collapsed to the categories used in the pregnancy cohort. We extracted time at work from the activity portion of the CHAPS data set and then subtracted it from time in nonhome locations (assuming work was not at home) or from time at home (if subject had no time in nonhome locations, assuming work from home). We verified the recategorization of the CHAPS data by making sure each subjects' time added up to 24 h. Educational attainment was also recoded to parallel our study of pregnant women and work status (worker or nonworker) was generated from the time spent at work variable.
Data Analysis
All analysis was conducted in SAS (v9.1 SAS Institute Inc., Cary, NC, USA). We generated frequency distributions to investigate the shape of the distributions for all activity variables in our study. Highly skewed variables were logtransformed for analysis. We compared the demographic and activity variables available from our study (pregnancy cohort) and the CHAPS data set. The mean activity and continuous demographic variables were compared using student's t-tests. Time spent indoors at home and outdoors near home (i.e., in the garden and backyard) were collapsed to ''time at/near home'' because of the relatively small (mean ¼ 7 min/day) amount of time women reported spending in the ''outdoors near home'' category.
A priori, we considered all the questionnaire variables as potential predictors of activity: annual household income, education, work status, other children, last trimester of pregnancy, rent/own home, season, ethnicity, weeks of pregnancy and work category. Work category (13 categories: e.g., education, engineering/science, recreation, food/restaurant, health care and research) was excluded because of small numbers of subjects per category. The remaining variables were assessed in univariate analysis of variance with activity data. Because we were interested in changes in activity over pregnancy, we only considered activity variables that showed significant differences (Po0.1) by trimester and/or weeks of pregnancy. After identifying activity variables of interest, we assessed the interaction of activity data (dependent) with season and trimester (independent variables), because activity changes can be strongly modified by seasonal effects. Only activities that did not vary according to season were analyzed in multiple mixed effects regression models to predict activity as the dependent variable. We used a mixed effect structure with individual factors (work status, parity and weeks of pregnancy) as fixed effects and subject as a random effect to control for within-subject correlations and repeated measurements on each person. A backward stepwise regression was used to eliminate variables until all remaining variables had P-values o0.05. We used this P-value to retain as many potentially predictive variables as possible.
After identifying activity variables that were modified by weeks of pregnancy, independent of season, we modeled the trajectory of change in the proportion of time spent at home by trimester of pregnancy for the whole cohort using a SAS extension developed by Jones (2001) (PROC TRAJ) . This is a group-based modeling approach that identifies groups with distinct trajectories, estimates the proportion of the population in each group and assigns group memberships to the individuals. We used this method to model the change in time at home across trimester of pregnancy and to identify groups in the data based on similarities in the patterns of change. To identify the optimal number of groups, we followed methods described previously (Xie et al., 2006) . We started with a twogroup model and refitted the model until a five-group model was fit. For each model, we first fit the highest order of polynomials possible (cubic, using Proc TRAJ in SAS). The model was then refit with lower order polynomials if the highest order polynomials were not significant. The Bayesian Information Criterion (BIC), a measure of model fit, was recorded for each final model and used for model selection among models with differing numbers of groups (2-5 groups).
Results
Descriptive results from the questionnaire variables (n ¼ 129, 62 women) and from the CHAPS comparison group (n ¼ 103, 103 women) for which we have parallel data are shown in Table 1 . The majority (51 women, 82%) of our study population self-identified as ''White/Caucasian'' and the remainder identified as Chinese, Indian, African, First Nations or Other; neither ethnicity nor income was available for the CHAPS data set. The two groups had similar age distributions and similar proportions of nulliparous women but important differences were identified. The women in our study population were more highly educated and more likely to work (full or part-time). Because our study recruitment was mostly in the fall/winter of 2005-2006, data were not collected evenly across all seasons.
Time spent at work was normally distributed (with a secondary mode at zero), and all time-activity measurements were positively skewed. Descriptive activity results from this sample of pregnant women and from the CHAPS comparison group are shown in Table 2 . The pregnant women in our study spent significantly less time indoors in ''other locations other than home or work,'' less time in cars and more time walking than the CHAPS women.
The activity measures for physical activity levels were interpreted differently among subjects. Although we attempted to clarify the meaning of the question, some subjects coded only sleeping as ''low,'' whereas others coded most daily activities as ''low.'' Because of the difficulty in interpreting the results and low confidence in the metric, we did not further analyze these responses.
Mean and 95% confidence intervals for all activity measures stratified by trimester of pregnancy are shown in Table 3 . Statistically significant differences were noted for time spent at/near home (higher in last trimester), time spent at work (higher in first trimester) and time spent outdoors (highest in last trimester). Further stratification by season of measurement showed no seasonal trends in time spent at home or work, so we were confident that these variables were not confounded by season. However, we did see a significant trend of increased time spent outdoors in the summer (Mean (SD): summer ¼ 2.2%, winter ¼ 0.3%, Po0.0001). Because recruitment was concentrated in the fall/winter, the majority ''*'' Indicates significant differences using t-tests (*Po0.01; **Po0.0015); bold numbers are higher means when differences between two study groups are significant.
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of women delivered in the summer and spring leading us to suspect that the observed increase in time spent outdoors in the last trimester may be confounded by season. In a model regressing season and weeks of pregnancy on time spent outdoors (dependent), we confirmed that season was the only significant predictor of time spent outdoors, in other words, pregnancy weeks were not associated with time outdoors after adjusting for season.
Frequency distributions of time-activity data from our study revealed a distinctly bimodal distribution for time spent at home, with modes at 14 and 19 h/day. Multiple regression models focused on time spent at/near home alone, as this was not confounded by seasonal effects. Table 4 shows mean time at home by trimester, income, parity and work status, variables which were significantly associated (ANOVA, Po0.05) with time at home. Education, age and season did not predict the amount of time spent at home.
Weeks of pregnancy alone predicted time at home with and without adjusting for other significant predictors (income, parity and work status) (Models 1 and 2 in Table 5 ). Both models include a random effect for subject. A 1-week change in the stage of pregnancy predicted a 5-min increase in time spent at home; over a trimester, about 1 h increase (4%) in time at home. Having no other children predicted a decrease in time spent at home (À1.5 h/day), lower income (2.6 h/day, lowest income category) and being a nonworker both increased time at home (3.5 h/day). The final adjusted model (Model 2) explained about 44% of the between-subject variance in time spent at home and 29% of the total variance. Weeks of pregnancy alone explained 12% of the withinsubject variance regardless of adjustment for other factors. Trajectory modeling (Figure 2 ) confirmed the above findings by indicating significant trends of increased time at home by trimester of pregnancy. The highest BIC score was for a two-group model with linear parameters (polynomial order ¼ 1). One group represented about 62% of the study subjects who spent about 14 h/day at home during the first trimester. The second group was about 38% of the study population and contained those who spent more time at home, about 16 h/day during the first trimester. The slope from the predicted model for both groups was significant and showed a slightly stronger increase in the second group (slope group 1 ¼ 0.8 h/trimester; group 2 ¼ 1.3 h/trimester). Post hoc bivariate examination of the groups identified by the trajectory modeling indicated that the first group (lower intercept) consisted only of women who were identified as working outside the home and tended to include women with higher household income. The second group (more time at home at baseline) was a mix of women with varied work situations (some working outside the home and those who did not) and with lower-to-middle household income.
Discussion
In this study, we collected activity-location information using a repeated time-activity survey among pregnant women. There were some significant differences (time in motorized transit and time walking) between the pregnant women and nonpregnant women from the CHAPS reference population. Increased weeks of pregnancy predicted an increase in time spent at or near home in the cohort; no other activity patterns were predicted by stage of pregnancy. Women who already had one or more children, lower income and women who were identified as ''not working/unemployed'' also spent more time at home. Trajectory models identified two distinct groups in the cohort, those who were always workers, and those who did not work or worked part-time.
To our knowledge this is the first manuscript describing location-based activity patterns of women during pregnancy. Population studies have excluded pregnant women either because pregnancy is already a risk factor for the health effect being studied (Allgulander et al., 2006) or because it was difficult to address exposure for this specific sub-population (Kruger et al., 2007) . Exposure measurement is of particular importance during pregnancy because of the potentially teratogenic effects of some exposures (e.g. mercury, environmental tobacco smoke or ionizing radiation) or their influence on other aspects of fetal growth or well being (e.g. effects of air pollution on intrauterine growth retardation (Sram et al., 2005) , brain function impairment in children; Gardella and Hill, 2000) .
We compared the nonrandom sample of pregnant women in our study to a comparison group from the 1994-1995 CHAPS (random sample). Although we used a similar age range, city and sampling day (weekdays only), there were differences in data collection, sampling methods and subject population between our study and the comparison group. Nonrandom sampling may have introduced specific demographic or socio-economic factors into the cohort which are peculiar to this specific population of pregnant women. All models included subject as a random effect (random intercept) to control for within-subject correlation, so the mean intercept is the population mean of all individual (subject-specific) intercepts. Decreased time in cars and increased time walking could be because the women were pregnant, but may be confounded by the nonrandom sample. Most of our subjects lived in dense urban neighborhoods, were health conscious (attended prenatal yoga or athletics classes) and many were students or worked on the university campus. However, others have also found that time spent walking increased during pregnancy (specifically in the last trimester) while all other physical activities decreased (Mottola and Campbell, 2003; Schmidt et al., 2006) . The CHAPS survey also used a detailed CATI phone interview to elicit data for the previous 24 h and we used a short self-reported 48-h log. These differences in sampling methodologies may have introduced a systematic bias when the variables were recoded. The CHAPS survey requested more specific locations (i.e., restaurant, bar, theater) than our study (only home, work, other, or transit) and it is possible that CHAPS subjects were more likely to record nonhome indoor locations because of the survey design.
We showed results indicating an increase in time spent at or near home over the course of pregnancy. We were able to detect this change over pregnancy using a relatively simple, noninvasive tool to measure time-activity patterns (specific to location) among this population. These results have not been demonstrated elsewhere although others have shown increased time in light domestic or sedentary activities during pregnancy (Poudevigne and O'Connor, 2006) . A crosssectional study found an increase in energy expenditure from household/care giving activities for pregnant women in the last trimester of pregnancy (Schmidt et al., 2006) . We also found that increasing income, being nulliparous and a worker was associated with a decreased time spent at home. Several others have reported the same factors as being associated with increased physical activity among pregnant women (Ning et al., 2003; Petersen et al., 2005; Schmidt et al., 2006) which suggests an inverse relationship between our measure of time spent at home and physical activity measures in other studies. These were all cross-sectional studies using various methods: self-reported activities based on an interview at time of birth, 24-h recall diaries during each trimester and a random sample of the population from a behavioral risk factors surveillance system.
The specific increase we noted, about 1 h/day more time at home per trimester, could be significant when assessing exposure in other studies. For example, if there was environmental tobacco present in the home, an increase of 2 h in time spent at home from the 1st to 3rd trimester could be a substantial change in the woman's exposure. Most adults spent between 14-19 h/day (60%-80%) of their time at home, so 2 h more time at home could increase exposure by 10%-15% over the course of pregnancy.
The trajectory analysis identified two clear groups differentiated by time spent at home, and both showing an increase in time spent at home during late pregnancy. In other studies (NHAPS), differences in time spent at home (Klepeis et al., 2001) were at least partially explained by working vs nonworking (outside the home) status. That workers and nonworkers represent different groups is unsurprising, but nevertheless interesting when developing exposure assessment models that encompass the entire population. On the basis of these results, pregnant women who are nonworkers could have increased exposures in the home or near to home than workers.
Consideration of ''sensitive windows'' of exposure for women during pregnancy has been recommended for evaluating health effects on the fetus (Silbergeld and Patrick, 2005) . For example, early gestational age is important for central nervous system malformation and congenital malformation, whereas later gestation is important for lowered growth. The implications of an increased time spent at home with trimester of pregnancy are important for exposure assessments based on residential address or assessments of the home microenvironment. Second, when examining exposures in the home it would be important to consider the implications of increased exposure later in pregnancy due to increased time spent at home. Accurate methods of exposure measurement in pregnancy that take into account activity patterns will be critical for linking putative exposures with relevant pregnancy outcomes.
Although these results are the first systematic evaluation of changing exposure-relevant activity patterns during the course of pregnancy, they should be viewed primarily as investigative or hypothesis generating. Further research should include a comparison between pregnant and nonpregnant women using the same study design and measurement tools and with a larger, randomly selected population of pregnant women. We were limited in our ability to detect changes over the entire course of pregnancy because of the few (N ¼ 11) women who were sampled in their first trimester. Given the importance of early pregnancy exposures, future studies should focus on collecting activity data across all trimesters, although logistically recruiting subjects very early in pregnancy is challenging. On the basis of our difficulties, future studies should focus recruitment efforts on the first trimester (e.g., possibly through advertising at stores selling home pregnancy tests). Our analysis of some activities (specifically time spent outdoors) was also confounded by season because of the 80% of the delivery dates in our study population clustered around the spring and summer. Study participants were selfselected and were highly educated, health conscious and lived mostly in urban (rather than suburban) areas. Our sampling occurred on weekdays only, so the results are specific to the workweek. However, with these limitations, these data do provide some baseline information on activities of women during pregnancy that could be used for preliminary exposure modeling or risk assessment specific to this population.
Conclusion
We demonstrated the use of a simple tool to detect changes in location-based activity patterns among pregnant women during the course of pregnancy. Our results suggest an increase in time spent in home locations with increasing weeks of pregnancy. For this study population, the trend was independent of other factors that decreased time spent at home, including family income, parity and employment status.
